) and T3 (7.14) which were similar. The difference between the former and latter treatment groups was significant (P<0.05). Maximum mean final live weight (1758.72 g) was gained with chickens on control diet followed by T1 (1573.56 g), T2 (1371.03 g) and T3 (1226.60 g) 
Introduction
Broiler feed cost represents the largest segment (60-70%) of the total broiler operation and protein accounts for 15% of the total cost (Ojewola et al., 2005) and this makes protein an important and economic feed ingredient in the broiler ration. Therefore, in the best interest of the industry both the producers and researchers should identify alternative feed resources especially the ones which are naturally and abundantly available in the environment, relatively cheap to produce, eco-friendly and pose less competition with human nutrition and other industrial applications. Among the many aquatic plants Salvinia molesta can provide a rather cheap and quality alternative protein for the broiler chickens.
This aquatic plant is classed as one of the invasive and noxious aquatic weeds due to its rapid growth rate which can cover water bodies in short period of time and thus cause serious socioeconomic and environmental damages that will directly affect both human and animal life. When under optimal growing conditions, the infestation can double in number and biomass in less than 3 days which can produce within a year as much as 45.6 to 109.5 t/ha in fresh weight (McFarland et al., 2004) while the annual dry weight is assumed to be 110 t dry matter/ha (Mitchell and Tur, 1975 as cited by Moozhiyil and Pallauf, 1986) . The rapid growth and mass production of biomass in dry matter basis if utilized as an alternative animal feed component will mean that feed will be available all year round hence this invasive weed could become an asset. This plant can assimilate nitrogen and other minerals from the water bodies and such researchers have trialed this plant in poultry (Zulkarnain and Syahruddin, 2008 ; Ma'arifah et al., 2013; Zaman et al., 2013 ) and the results are very promising. Since soybean meal is not available in most countries and coupled with its stiff prices it is important to reduce the use of soybean meal in the broiler diet and replace it with the Salvinia molesta meal. Therefore, in this study Salvinia molesta was used as a source of unconventional protein source to replace the traditionally used soybean meal in the diet of broilers and investigated the performance, breast muscle and abdominal fat deposition among the birds.
II.
Research Materials and Methods
Research Materials
Salvinia molesta (S.molesta) was collected at a nearby pond (Rawa Pening, Semarang) and prior to sun drying the roots like hairs were separated from the main fronds in order to reduce the fiber content of the plant. After sun drying the plants were grounded manually and kept in airtight polythene plastic bags until the day of usage. Samples of S.molesta and the rest of the ingredients used were analyzed for proximate components using methods as stated by AOAC (1990) .
The unsexed Lohman broiler chicks were obtained at a commercial hatchery and placed in a temporary brooder for the first 14 days. At day 15 th the 100 chicks were selected by body weight and the average body weight was ±773.83 g.
Prior to the arrival of chicks the house was cleaned well and all necessary equipments were made available such as cages, feed (commercial and experimental diets), vaccines (ND and Gumboro), water trough, feeding holder, electric bulb (source of heat) and thermometer in the poultry house. Each cage contained a drinker, feeder and an electric bulb.
Research Methods

Experimental Design
The experimental design used in this research is a Completely Randomized Design (CRD) with 4 dietary treatments and five replications of five birds per experimental unit. The treatments applied in this study are as follows; T0 = Control diet (without Salvinia molesta) T1 = Diet with 6% Salvinia molesta T2 = Diet with 12% Salvinia molesta T3 = Diet with 18% Salvinia molesta
Research Procedure
In the preliminary period (from day 1 to day 11) the DOC were fed a standard commercial starter diet ad libitum purposely to equalize the initial body weights then were fed the adaptation diet (basal diet) for a 3 day period. The basal diets consisted of corn-soybean meal as the main ingredients and formulated to meet the nutritional requirements of broilers (NRC, 1994), but soybean meal was reduced and substituted by S.molesta in the diets as shown in Table 2 . The experimental diets were fed as mash and formulated to maintain a similar metabolic energy content of 2900 kcal/kg in both the starter and finisher diets but protein content was reduce from 20 to 19% in starter and finisher diets respectively.
At 15 days old, the chicks were weighed individually, foot tagged and allotted to one of the 4 dietary treatments in a completely randomized design (CRD). The broiler birds were vaccinated against Newcastle Disease (ND) twice, on the 4 th and along with Gumboro vaccine on 15 th days old. The experimental starter diet was fed when the birds were 15 days old and lasted for 7 days while the experimental finisher diet was fed beginning at day 22 and ran over a period of 21 days. All feed and water was offered ad libitum. The chickens were raised in a temporary made bamboo floor pen (1 m x 1 m) with a rice straw littered floor (5 cm depth). The photoperiod was 16 h for the first 21 days then reduced to 12 h during the rest of the finisher phase.
Research Parameters and Collecting Data
The daily feed intake (FI) per pen was recorded using a weighing scale and the unconsumed feed was weighed again after consumption for the feed conversion ratio (FCR) determination. Feed intake was expressed as g/head/day at the end of the feeding trial. Prior to given the experimental feed and allotment into various treatments at day 15 th the birds were weighed individually. Body weight gain (BWG) was determined by subtracting the end of the day BW with the previous day BW and expressed as BWG g/head/day for the entire 28 d experiment period. Feed conversion ratio (FCR) was determined by dividing the daily FI (g) by the daily BWG (g), (FCR = FI / BWG). Mean final live weight (FLW) was determined by weighing the birds with a weighing scale at the end of the trial. At the end of the experiment one bird/experimental unit (i.e., 5 chickens/treatment) was randomly selected for the determination of the breast muscle and abdominal fat components of the carcass. Slaughtering was through severing the jugular vein. After 4 minutes of bleeding each bird was dipped in a water bath for two minutes and feathers were manually plucked by hand. After the removal of the head carcass were manually eviscerated to determine the breast muscle and abdominal fat weights.
Abdominal fat was removed from parts around the viscera and gizzard and weighed to the nearest gram and expressed as percentage of FLW.
Statistically Analysis
The experiment was conducted using completely Randomized Design (CRD) having 4 dietary treatments and 5 replications with 5 chicks per treatment. Data was subjected to ANOVA and Duncan Multiple Range Test (DMRT) was applied after significant (P<0.05) mean difference among the treatments (Duncan, 1955) .
III.
Result and Discussion
Performance
The effects of the dietary treatments on the performance of the broilers are presented in Table 1 . The results indicate that substituting soybean meal with air dried S.molesta had no (P>0.05) effect on FI whereas FLW, BWG and FCR were affected significantly (P<0.05). At the end of the experiment period it was observed that with respect to the control diet chickens fed diet T1 had the least average daily FI/day, i.e., 136.86 g whereas chickens on diet T2 and T3 had slightly higher average daily FI, i.e., 139.73 g and 137.96 g respectively. However, the marginal differences of FI according to DMRT were not significant (P>0.05) between the chickens fed the control and those on various levels of S.molesta.
The similar (P>0.05) FI observed in the current feeding trial could be related to the closely similar energy content of the diets. Previous studies (Golian and Maurice, 1992; Leeson et al., 1993; Kamran et al., 2008) reported that broilers primarily consume feed to meet their energy requirements and since the current study involved diets formulated to have a closely similar energy content this could have caused the birds to consume relatively similar amount of feed. This result is similar to that reported by Kabir et al. (2005) who observed that feeding various concentrations of Lemna minor (0%, 4%, 8%, 12%) to broilers in an isonitrogenous and iso-caloric diet resulted in similar FI among the birds. However, comparing the trend of FI it is obvious that numerically the birds consumed more feed with diets T2 and T3. This could be attributed to the dilution of dietary energy concentration by S.molesta, therefore the birds presumably increased their FI to compensate for the low concentration of available energy and when coupled with the antinutrient factors of S.molesta (Tannin) and high crude fiber content of the diets T2 (10.75%) and T3 (12.68%) this condition was imminent. This claim is evident with the low growth rate of the birds provoked by diets T2 and T3. Furthermore, the increase FI with diets T2 and T3 can be an attempt by the birds to meet their nutrient requirements (Hill and Dansky, 1954) . According to Widyaratne and Drew (2011) FI is influenced by the availability and quality of dietary protein particularly lysine in the amino acid concentration, however, due to the high tannin content from the increase levels of S.molesta as well as crude fiber contents of diets T2 and T3 this could have reduced the amount of dietary lysine hence the birds increased their FI but still their nutrient requirements were not met as evident with the suppressed growth rate with treatments T2 and T3. This is in line with Uwalaka et al. (2013) who observed that increased level of tannin content in unripe plantain peel meal (UPPM) caused the birds to increase their FI but still resulted in depressed weight gain of broilers. Contrasting results with the study by Ma'arifah et al. (2013) could attribute to the type of chicken breed/strain and management since their study involved crossbred native chickens (Kampung). The results of the present study also differs with other investigators (Zulkarnain and Syahruddin, 2008; Zaman et al., 2013) and this is primary due to the form in which S.molesta was used. They used fermented S.molesta for their feeding trial whereas air dried S.molesta was utilized in the current study. Further, S.molesta contains tannin which is postulated to have a bitter or astringent taste (Yu, 1995) thus reduces palatability and consequently lower FI and performance, however, palatability was not affected in the current study by using air dried S.molesta and FI was noted to be similar among the treatments, and this can be attributed to solar drying of S.molesta, dietary energy content, and management.
Although FI was similar for all treatments but BWG was affected negatively. The result of BWG per head/day reveals that highest growth rate (34.39) g was achieved by chickens consumed the control diet (T0) followed by T1 (28.22 g), T2 (22.30 g) and the least growth rate (19.33 g) was recorded with chickens fed diet T3. According to DMRT the mean value attained with T0 was highly significant (P<0.05) to all S.molesta containing diets but even T1 mean value also posed significantly to treatments T2 and T3. This shows that the birds utilized control diet better than the S.molesta containing diets however, since diet T1 also resulted in significantly higher BWG value to diets T2 and T3 it can be assumed that 6% S.molesta inclusion is the ideal amount since larger amounts caused further drop in BWG. The similar average BWG of the birds observed in chickens fed T2 and T3 diets presumably due to high amounts of S.molesta and crude fiber present in the diets. Since FI is similar among the treatments the difference in growth rate can be explained in regard to the protein concentration and availability among the dietary treatments. The significant drop in BWG noticed could be due to the reduced protein particularly the amino acid content of diets caused by the presence of tannin and crude fiber content of the diets. Tannins are postulated to have high affinity for proteins with which they interact by hydrogen bonding, hydrophobic association, or covalent bonding (Butler, 1989 as cited by Nyachoti et al. 1996) as well as reduce feed efficiency and nutrient utilization (Yu, 1995) . Therefore, the presence of tannin could have altered the nutrient utilization and consequently result in the significant reduced BWG in ascending levels of S.molesta among the treatments.
Another possible reason of reduced growth rate could be related to the mineral content of S.molesta. Just like other aquatic plants such as duckweed this plant has the ability to extract minerals from the waterbodies which could affect normal digestion and metabolism. According to a trial done by Phuc et al. (2001) the rats performed better with Lemna minor up to 25% but 50% concentration suppressed appetite which resulted in lower growth rate. The authors concluded that unspecified anti-nutritional factors arising from the plant's high mineral content was likely to be inhibiting digestion and metabolism. For this reason it could be assumed that the mineral content of S.molesta could partly be responsible for the reduced growth rate observed among the birds. Based on the result obtained by Ma'arifah et al. (2013), who stated that the crossbred native chickens' performance was enhanced with the addition of S.molesta even up to 18%. This might be related to the chicken types being used in the feeding operation and management aspects.
The result (Table 1) of FCR depicts that the birds fed the control diet (T0) utilized feed better (4.01) and did not differ (P>0.05) with treatment T1 (4.85) whereas deteriorating FCR was observed with diets T2 (6.27) and T3 (7.14) and the difference between the former and the latter treatment groups are significant. Comparing the FCR of diets T0 and T1 with diets T2 and T3 the chickens in the latter two groups (T2 and T3) required a significantly higher amount of feed to attain the BWG of the former two treatment groups (T0 and T1) , however, FI among treatments are non-significant (P>0.05).
Better FCR values in birds is the result of FI being parallel with BWG, however, in the present study BWG had a declining trend in increasing levels of S.molesta in the diets and thus poor FCR values are imminent especially with treatments T2 and T3. Dietary energy is one of the major factor to affect FCR of broilers and in the present trial diets were formulated to have a relatively similar values. However, the high feed consumption noticed in treatments T2 and T3 resulted in the depressed BWG in birds and consequently lead to worsen FCR. The presence of antinutrient factors of S.molesta coupled with high crude fiber contents of diets T2 and T3 are the major factors to increase FI of the birds but with suppressed BWG and consequently worsen FCR. It is further proved by Muztar et al. (1978) that aquatic plants do contain high fibre and tannin which would decrease nutrient utilization and ultimately lead to poor FCR. This is also in agreement with by D'Mello (1982) who mentioned that most unconventional feedstuff does contain some antinutritional factors which can affect the performance of the birds.
Although FCR of the control diet was similar with diet T1 and significant to diets T2 and T3 but the general FCR mean values were in an ascending trend, this occurred when the BWG values of chickens were in a descending manner. The relationship between FCR and BWG exhibits the inefficient nutrient utilization by the birds fed S.molesta containing diets which resulted in poor FCR values. In comparison with the result by Zaman et al. (2013) who reported that the best FCR was 0.8825 ± 0.09 and this was from using of 50% S.molesta concentration level. This is so because they used fermented S.molesta prior to being fed to the broiler chickens. They reported that fermentation increased the protein content and decreased the crude fiber amount of S.molesta resulting in improved feed efficiency. But in the present study 6% air dried S.molesta produced better and consistent results in the broiler chickens then 12 and 18% levels. This result is generally similar to that observed by Kabir et al. (2005) . They observed similar FCR between the control and 4% Lemna minor concentration in the diet but poor values were observed with higher levels (8 and 12%). The general trend was poor values as the level of Lemna minor increased in the diet which is similar to the result of the present study. The main reason of poor FCR's in both studies is related to similar FI but depressed body weight. (2004) The results of the final live weight (Table 1) of the broilers had a similar trend to that of BWG. This could be attributed to the influence of antinutrient content of S.molesta and the high dietary crude fiber content of the diets (T2: 10% CF; T3: 12% CF). It is therefore, obvious that increasing level of S.molesta in the diet had negative impact on the performance of the birds.
Abdominal Fat and Breast Muscle Component
The abdominal fat and breast muscle components of finisher broilers are important factors used to assess the quality of any given feed. High breast muscle accretion by broilers is regarded as superior while heavy deposit of abdominal fat indicates poor finishing product (Medugu et al., 2010) . Therefore, it is the aim of the industry to increase breast muscle yield and reduce fat deposition with better feed efficiency without compromising the normal growth rate of the birds (Mohammed and Horniakova, 2012) The data in Table 1 shows that maximum mean percentage of abdominal fat deposition (2.26%) was recorded with chickens fed the control diet (T0) while the lowest percentage value was recorded with chickens on diet T3 (0.70%) whereas diets T1 (2.07) and T2 (1.12) recorded intermediate values. Applying DMRT it was discovered that mean values from diets T0 and T1 were similar (P>0.05) but significant (P<0.05) to T2 and T3. Abdominal fat deposition was observed to have a decreasing trend in ascending levels of S.molesta.
Since the tested diets were formulated to have relatively similar crude fat (Table 2 ) content the variations in the abdominal fat deposition in birds can be explained on the basis of the antinutrient content of S.molesta and the high crude fiber content of the diets. It is postulated that chickens fed with high amounts of fiber results in lower abdominal fat content and the present study further confirms this conclusion with treatment T3. This is in conformity with Saki et al. (2011) who observed that chickens fed diets containing high fiber attained lower abdominal fat content at 21 and 42 day of age. Also the influence of tannin on abdominal fat deposition cannot be ruled out. Contrasting results with Zulkarnain and Syahruddin (2008) who reported better abdominal fat deposition, performance and protein digestibility in broiler chickens was after fermenting of S.molesta but present experiment involved air dried S.molesta which resulted in suppressed BWG, carcass, breast muscle and abdominal fat deposition especially with 18% S.molesta inclusion level. These contrasting results could be attributed to form of S.molesta being used as broiler feed which could influence the presence of antinutrient factors and the nutrient quality and availability of the test diets. The result of this experiment differs to that mentioned by Widodo et al. (1996) who observed that feeding of high tannin sorghum (HTS) resulted in decrease carcass weight and increased abdominal fat while in the current experiment increasing S.molesta decreased both the carcass and abdominal fat content. This could be related to the broiler breed/strain being use as well as the protein to energy content of the diets and the level of dietary crude fiber and antinutrient factors available in the tested diets.
The average breast muscle percentages (Table 1 ) among the treatments show a similar pattern to that of abdominal fat content which shows a decreasing trend as the levels of S.molesta increased in the diets. The sizes of breast muscles could indicate the quality and utilization efficiency of diets by the birds and according to the results it would seem that birds fed treatment diets T2 and T3 poorly utilized their feed. This can indicate that the control diet had sufficient nutrients to support the breast muscle development in birds than the S.molesta inclusion diets. Among the S.molesta contained diets chickens fed T3 produced the lowest (28.61%) breast muscle. This is probably due to the protein concentration and availability in the treatment diets. Diet T2 and T3 contained more of the S.molesta and the crude fiber contents are also high which could lead to the low protein availability to synthesize breast muscle thus attained the least breast muscle percentage. According to Williams (1997, as cited by Kumar et al., 2005) breast muscle yield depends on methionine and cysteine concentration in the diet, and methionine according to Gous et al. (1982) involves in the detoxification of tannin. Therefore, as S.molesta levels increased in the diets the amount of tannin also increased and this caused imbalance in the concentration of amino acids, therefore, presumably there was not sufficient amino acids available for the birds to meet their maintenance requirements as well as for breast muscle development resulting in lower breast muscle values noticed on diet T3. As reported by Saki et al. (2011) the negative effects of high crude fiber diets is more pronounced in chicks then mature birds. Therefore, the significantly depressed breast muscle values noted in the present trial could be provoked by both the tannin and high crude fiber content of the tested diets. The 6% S.molesta inclusion was the appropriate level since higher amounts caused further depression in the breast muscle accretion among the broiler chickens.
IV. Conclusion
Base on the results of this study it is obvious that the commonly used soybean meal in broiler diets can be successfully substituted by the Salvinia molesta however, the optimum inclusion level which produced consistent and better performance, breast muscle and abdominal fat results was 6%. Further study is required to determine methods on how to utilize Salvinia molesta efficiently by broiler birds and other monogastric animals.
